During the last few years pedagogical philosophy has been trying to incorporate lessons from active learning theory. While most practitioners agree that active learning is useful they still lack a diverse set of tools to incorporate it in the classroom. This article describes a methodology for Some suggestions for further refinement of the class are also offered.
I. Introduction
E-commerce has become an important marketing and distribution channel for all companies in the last decade. In spite of the "burst" of the Internet bubble, which led to the bankruptcy of many Internet-based businesses, exchanging goods and services on the Internet continues to be an important part of every company's business strategy. These developments have prompted many discussions in business and academic circles. While businesses have been trying to reevaluate the role of e-commerce in their daily operations, we have been trying to find new ways of teaching e-commerce so that we can prepare our students for the challenges that they will be facing.
There are two issues related to e-commerce that make it a challenging subject to teach. The first is that e-commerce is inherently multidisciplinary. It combines the areas of many already established disciplines, including MIS, Marketing, Economics, Computer Science and Engineering (Kaufman and Walden, 2001) . Clearly, we have to make an attempt to provide a treatment of the subject matter from all these different viewpoints. The second challenge concerns the speed of change in the area. It often happens that by the time people find out about an E-commerce web site, its commercial operations have already been suspended or altered for some reason.
To handle these challenges we embraced a new approach to teaching e-commerce. We incorporated real-time interactive laboratory experiments into our e-commerce course. The use of experiments in a classroom setting has a long success history in sciences. A recent article in Nature (Powell, 2003) outlines the importance and goals of experimental teaching methods in natural sciences. Using computer-mediated classroom experiments as a teaching method in social and behavioral sciences has also emerged in the last decade mostly in Economics (Smith & White, 1999) , Psychology (Hamilton & Geraci, 2004) and Business (Nelson & Grimes, 1991) . and thinking about what they are doing". The authors argue that role playing and games are two of the techniques that can be used to induce active learning in the classroom. Beard & Wilson, 2002 discuss in detail learning by experience and its most important advantages. We continue this stream of thought by arguing that real time experiments could be used as another effective tool to stimulate active learning.
We used software already developed and used for experimental purposes from the Economic Science Laboratory at the University of Arizona.
Each experiment recreated a specific online trading environment, and students could interact with each other as buyers or sellers within its confines. The lectures included discussions that the students could draw upon later in their laboratory experiences. The assignments were sequence of steps that led the students to design software agents that could participate in these settings instead of themselves.
The course was entitled "The Economics of E-commerce: Internet Auctions and Software Agents". It was a senior level undergraduate course for MIS majors (MIS491). The course was taught at George Mason University's School of Management during the Spring 2003 semester. The course has a web site, which can be found at http://ices3.gmu.edu/MIS491.
The ultimate goal of the course was to prepare the students to design software agents that would be able to perform search, buy, and sell goods and services over the Internet considering all information available and able to implement a variety of strategies. For that purpose our lectures covered a variety of topics that are directly related to this goal. Our objective was that by the end of the course, the student should (a) have an appreciation that seemingly small modifications to trading rules can have prominent effects on electronic market performance (b) have the tools to design and critically analyze software agents in an electronic marketplace (c) have an understanding of the business implications of the strategies that they might choose. To evaluate our success we used an informal interview with students after the end of the course.
II. Lectures
The initial three lectures introduced the concept of a software agent, discussed some of the basic and most useful principles of artificial intelligence as pertaining to the task at hand, and provided clear guidelines to students about how to construct and implement the software agent in practice. The second part of the lecture series focused on specific applications of software agent technology in e-commerce including automated pricing schemes, adaptive Internet GUIs, monitoring and diagnostic functions, search and retrieval functions, and agent-to-agent communications. The third, and last, part of the lecture series focused on the large variety of ways to exchange goods and services on the Internet including different electronic market places that everyday users can access on-line. These lectures also provided a strategic discussion of different auction formats. The structure of this third part of the course is shown on figure 1.
III. Experiments
Considering the verbal comments of many students, we can say that the class experiments were the most interesting part of the course. During the semester we ran nine different experiments. Every experiment emulated a real electronic market environment. The students were subjects in the experiments participating either as buyers or sellers and were assigned values and costs in different ways depending on the nature of the experiment.
The experiments were held at the Interdisciplinary Center for Economic Science at George Mason University. They came in several different flavors.
Some of the experiments were written in Visual Basic, and subjects interacted with each other over a Windows 2000 network; some of the experiments used Java applets and a server running Linux to facilitate interaction, and one experiment utilized Perl and Java Script to simulate a real electronic market environment. All experiments were conducted in real-time, and students could see and respond to everything that happened in a certain electronic marketplace immediately. Here is a short summary of all experiments:
1. In the first experiment, all students were sellers. They had the opportunity to employ "pricebots," or computerized algorithms that automatically adjust prices to prevailing market conditions (Deck and Wilson, 2003) . After implementing a certain automated pricing strategy, undercutting or low-price matching, they could see how it performed. They observed that the undercutting algorithm leads to lower prices and that low-price matching generates significantly higher prices.
2. In the second experiment, students were introduced to the four basic auction types: the English, the Dutch clock, the first-, and second-price sealed bid auctions (Ashenfelter, 1989; Wilson, 2003) . They participated as buyers competing to acquire items in each of these formats and learned that the different auction rules induce different behaviors which affect the observed prices (seller revenue) and market efficiency (rates at which the gains from trade are extracted).
3. The third experiment was a simplified replica of the trading environment on eBay. Students were divided into buyers and sellers.
Sellers could post auctions on a web site, and then buyers could participate in them. (We provide an extended description of the complete experiment including instructions, interfaces, and subject values and costs later in this article) 4. The fourth experiment included several different simulated auction web sites, so that buyers and sellers could choose where to participate.
One of the web sites was again a replica of the trading environment on eBay. Another web site was representing the so called English clock auction, which is very similar to eBay, except for the fact that prices rise at regular time intervals and bidders are not allowed to jump bid (Hakamies et. al, 2003) . The other two web sites represented the two most famous and most widely used sealed bid auction formats: the first-price sealed bid auction and the second-price sealed bid auction (Coppinger et. al, 1980) . One of the purposes of this experiment was to introduce the students to the complexity of the electronic marketplace which includes a large number of potential sites where the same items could be traded and the large variety of rules under which these items can be traded. Another purpose of the experiment was to introduce the students to ideas related to the dominance of some markets over others, competition between markets for volume (Pagano, 1989) and the advantages and disadvantages of being a first mover in such a setting (Rahman and Bhattacharyya, 2003) . After the experiments students rightfully commented that such multi-market environments were very unstable and there was a lot of uncertainty involved which affected their decisions.
5. The fifth experiment was a copy of the trading environment in the fourth experiment. The difference was that students could choose to be represented by a software agent. The agent was provided ready to them, and the way it worked was explained. You can see the simple architecture of the software agent used in this experiment on Figure 2 .
The main purpose of this experiment was to introduce students to the fact that software agents are currently used on the Internet to search sites, to buy and sell items, and to set prices. This has an important impact on the way that humans themselves behave online (Vragov, 2002) .
6. The sixth experiment involved a simple information goods environment. Sellers could produce a large number of units of an information good with a large fixed cost and a zero marginal cost, that they could then sell to buyers. Students were again participating as buyers and sellers. The sellers in this environment quickly realized that competitive pressures make them set their prices lower and lower until they got to zero. Sellers realized that they would not be able to cover their large fixed cost in this way. There were periods in the experiment when sellers were participating in the market as monopolies and could set the price, and periods when competition was very fierce. Many of the sellers went bankrupt. They realized that the way to survive in this harsh environment was to either abate the competition by alternating the sales each period, or become a monopolist. This led to a vigorous discussion of copyright issues and the different methods that companies use to sell information goods like bundling, non-linear pricing, etc. (Varian, 2000) 7. The seventh experiment introduced students to a simulation of the Then they competed to reach the equilibrium price towards the end of the experiment. We discussed some strategies that could be used by the market participants. Some of the strategies were taken from the proceedings of a multidisciplinary conference at the Santa Fe Institute devoted to the double auction.
9. The last experiment was a simplified version of a financial market with two stocks, in which subjects could invest. We described the increasing number of online brokerage firms and the interfaces that they provide to financial markets like the NYSE. In the beginning subjects were given an initial endowment of cash. During the time of the experiment subjects could buy or sell two available stocks A and B. The returns of the two stocks were determined randomly. Draws were taken from two different distributions and the fundamental values of the stocks were always displayed to all subjects much like the setup in Caginalp et. al (2002) . At the end of the experiment we discussed current reports by IBM about their successful implementation of completely automated robot-based trading of financial assets.
IV. The eBay experiment
In this section we decided to provide a more detailed description of one of our experiments that resembles the auctions on the Ebay, Yahoo, and Amazon web sites. There were twenty-six subjects in this experimental design. They were divided into 13 buyers and 13 sellers. This guaranteed that all units present on the market can be exchanged without loss if time costs (described later) are disregarded.
Buyers could buy up to ten items. Buying more than ten items did not add value. Sellers could start up to ten auctions and could sell only up to ten 1 The instructions are available at http://ices3.gmu.edu/experiments/Roumen/Applets/beroumeninstr.htm items. A subject's profit from buying an item was equal to v i -p (value minus price) and from selling an item, p -c i (price minus cost). Every minute during the experiment subjects incurred two types of charges. The first charge was a monitoring charge that depended on the time they needed to buy/sell 10 units.
Every buyer was randomly assigned a monitoring charge. The same procedure was performed for the sellers.
The second charge was an inventory charge per unsold item from the initial allocation. This charge was applied only to the sellers. For every seller a number was randomly chosen to represent his/her inventory charge. We introduced these charges so that students can get a more direct experience with costs related to time. We ran two twenty-minute sessions during the class. Sellers could choose to sell an item at any time during the 20 minutes, and buyers could choose to participate in any of the active auctions. An example of a seller's screen is shown on figure 4 , and an example of a buyer's screen is shown on figure 6.
As you can see on Figure 5 the seller has to specify a reserve price and a length for the auction. There are only four possible lengths that are predetermined -so the seller has to choose one of these four options. Each auction is opened to everyone who wishes to participate. Bidders can start submitting bids, with the only requirement that every new bid has to satisfy a minimum increment rule. Buyers are not told the reserve price, but they are informed if they are below or above it. When the end is reached and the highest bid is greater than or equal to the reserve price, the auction is successful. The seller receives the price minus the cost and the buyer receives the value minus the price of the item. The eBay auction lengths are 5, 8, 11, and 14 minutes. These lengths were chosen to imitate the four different options that sellers face on the eBay.com website. They are equally spaced and the largest possible length is made shorter than the timing of each session.
There are some differences between the experimental setup and the auctions on eBay. Sellers in the experiment did not have to pay a listing fee or commission. Buyers and sellers in the experiment did not have reputation scores because trading was instantaneous and there were not enough trades conducted to create a reasonable score. The experiment was also not allowing sellers to use a "Buy-it-now" option. During the class following the experiment, we discussed the results from the experiment: the efficiency attained (67%) , the prices observed (average price of $3.42), and the different strategies that the students implemented while participating in the experiment.
V. Assignments
Our assignments can be divided in two different groups. The first group of assignments tested whether the students understood the most important concepts covered in the class.
The assignments contained open-ended questions that the students had to answer shortly. An example of these assignments is shown in Figure 7 . These assignments were given in the first half of the course. During the second half of the course, the students had to design the algorithms that their agents would use if confronted with the task to participate in the electronic market environments presented in the experiments. An example of these assignments is shown in Figure 8 . Students had to represent their strategies using flow diagrams. The midterm project also required the design of an agent algorithm. Part of the grade depended on the relative performance of the given algorithm to that of other students' algorithms.
VI. Limitations and suggestions for improvement
Our initial intention was to use students' total earnings in all experiments as part of their participation grade. A student's profit in an experiment is a function of the student's understanding of the material and of the specific value and cost draws that the student received. Because values and costs are drawn randomly, part of the earnings is a random variable. In order for the grading to be fair we have to make sure that the random factor is filtered out from the experimental results, i.e., we have to give equal chance to every student to make the same amount of earnings. After the first few experimental sessions we realized that we cannot fit enough experimental runs in the time for one class session to guarantee that, given one's values or costs, every student had a chance to earn the same revenue. We are now working on experimental designs that are short enough and can still control for earnings variations.
The technical part of the course presented another challenge. We discovered that we do not have enough time during the class to spend on discussing programming languages and implementations. Some programming experience was required as a prerequisite to the course but not every student in class had good programming skills. That is why incorporating the technical element in a meaningful way is still hard. The course can be improved by constructing a standard software agent platform and related languages, so that students can actually implement their algorithms in every related simulated electronic market. This is a major task that will take us a long time to implement.
We are also currently developing a specific evaluation tool for the course so that we can have a more objective and complete way to assess its success. Standard evaluation procedures at the end of the semester might not be useful because most of the time they do not encourage the students to provide specific comments. An interview by a peer professor might be a better alternative.
VII. Conclusion
Designing an e-commerce course is a challenging task. In this paper we outline a new approach for teaching e-commerce that is supported by active learning theory and offers two major advantages. First, it provides students with hands-on experience in many of the matters discussed. Second, it introduces the students to many relevant concepts in other disciplines that are reproduced from . RML is a simplified version of XML that was used specifically for the experimental setup. We encouraged the students to use component-based designs in their agents but we did not require that. auction, the bids and identities of all other bidders, the current winner, the current price, and the minimum bid that one needs to bid to become the current winner.
